The aim of this study was to evaluate the dough proofing activity of Kluyveromyces lactis (ATCC 8585) in different dough formulations and to compare it with the commercial active dry bakery yeast Saccharomyces cerevisiae. Leaving ability of yeasts was tested in lean and rich dough. For both cultures, lean and rich dough mixtures containing 0.3 g of yeast biomass (on dry weight basis) and wheat flour in 15 ml of water was prepared. Rich dough contained also either 2.0 g of sucrose, 2.0 g of lactose or 2.5 g of whey powder. Dough mixtures were incubated at 29°C and volume increase was recorded every 15 min. We determined that Kluyveromyces lactis had higher volume and leavening rates compared to commercial bakery yeast strain in lactose-rich or wheyrich dough. These results demonstrated the potential of Kluyveromyces lactis yeast strain as a suitable culture for whey fortified bread making. 
Introduction
Bakery products are generally rich in carbohydrates; besides poor in proteins. Bread is widely consumed wheat based baked product. There are many studies in literature investigating the possibility of improving nutritional properties of bread with the addition of different ingredients to bread formulation (Istianah et al., 2018; Zhou et al., 2018; Tang and Liu 2017; Ammar et al., 2011; Indrani et al., 2007; Ribotta et al., 2005; Chavan and Kadam 1993) . Whey, the by-product of the dairy industry, is known to be rich in high-quality protein. Therefore, enrichment of wheat-based foods with whey increases their nutritional content (Zhou et al., 2018) .
Whey is used in various food products (bakery, confectionery, pastry, meat, ice creams and yoghurt) for many purposes (to improve nutritional value, taste, texture and appearance) (Królczyk et al., 2016) . Whey proteins addition effects on some rheological properties of dough were investigated by some authors (Ammar et al., 2011; Sudha et al., 2011; Indrani et al., 2007; Kenny et al., 2001) . Whey contains soluble proteins (β-lactoglobulin, α-lactalbumin and lactoferrin), lactose, fat, vitamins and minerals (Zhou et al., 2018) . Lactose, the major component of the whey, enhances the Maillard reaction and flavour and improves emulsification, crumb structure and taste of bakery products. However, high amounts of lactose found in the whey may cause digestive problems for lactose intolerance individuals. Lactose can be hydrolysed enzymatically or microbiologically to overcome this problem. The most practical way to solve this problem in whey enriched bakery products seems to be the use of yeast that can use lactose as a carbon source. The yeast Saccharomyces cerevisiae is the most widely used microorganism in fermentation of bread, however it does not metabolize lactose. Kluyveromyces lactis and Kluyveromyces marxianus are the two well-known species within the genus Kluyveromyces and both can use lactose as a carbon source (Schaffrath and Breunig 2000; Rubio-Texeira 2006) . K. lactis had been thought to be closely related to K. marxianus, but at present molecular studies showed that, DNA complementarity is less than 15-20% which shows that they are distinct species (Johannsen and van der Walt, 1978; Johannsen 1980; Fuson et al., 1987; Vaughan-Martini and Martini 1987) . Compared to the S. cerevisiae (grows on D-glucose, Dgalactose, sucrose, maltose, raffinose), Kluyveromyces lactis assimilates a wider range of substances. Although, K. lactis can grow on D-glucose, D-galactose, L-sorbose, sucrose, maltose, cellobiose, raffinose presence. The growth rate on lactose is quite high and lactose is the excellent carbon source for its growth (Pearson et al., 1990; Wesolowski-Louvel et al., 1996) . The possibility of using strains of the genus Kluyveromyces as bakery yeast was evaluated by some researchers. Caballero et al. (1995) , investigated the possibility of using strains of K. marxianus as bakery yeast and compared it with two strains of Saccharomyces cerevisiae. They stated that K. marxianus strains had superior proofing activity in lactose-rich or whey-rich doughs compared to commercial bakery yeast strains. However, there was no difference between these species in terms of the flavor of the bread. Plessas et al. (2008a,b) 
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Materials
Yeast extract and peptone were obtained from Merck Chemical Co. Lactose, sucrose; ethanol and Orthonitrophenyl-b-D-galactopyranoside (ONPG) were obtained from Sigma Chemical Co. Whey powder (containing 80% lactose, 10% protein, 1% fat) was obtained as a gift of Enka dairy plant (Konya, Turkey). Commercial flour (Type 650; containing 9.0% proteins, 72.0% carbohydrates, 1.6% fat and 3.5% fiber), used for bread making, was obtained from local market. Other chemicals (β-mercatpoethanol, Na2HPO4·2H2O, NaH2PO4, Na2CO3, KCl, MgSO4·7H2O, H2SO4,) used were of analytical grade. The water used to prepare dough mixtures was distilled.
Yeast Strains and Culture Conditions
Kluyveromyces lactis ATCC 8585 (from Industrial Yeast Collection of Dipartimento di Biologia Vegetale di Perugia (BDVPG), Italy) and Saccharomyces cerevisiae from commercial active dry bakery yeast as a reference were used in this study. Kluyveromyces lactis was aerobically grown in 1000ml Erlenmeyer flaks with 200ml of culture medium at 29°C in an orbital shaker (200 rpm). Culture medium was composed of 1% yeast extract, 2% peptone and 2% lactose. After incubation, cultured cells were harvested by centrifugation (10000xg, 15 min). Dry weight of the cultured cells was determined according to protocol by Mazı (2010) .
Consumption of Lactose and Production of Ethanol
Change of lactose and ethanol concentration of the media during growth was analysed by HPLC (LKB, USA) using an organic acid analysis column (Phenomenex, Torrance, CA, USA), and refractive index detector (RI 2000 Schambeck, Bad Honnef, Germany). The column was kept at 50-65°C and was eluted with 5 mM H2SO4. The detector cell was kept at 35°C. Signal from detector was processed by Chromasimple data acquisition software (Dizge Analitik, Turkey). Lactose and ethanol standard solution of known concentrations were used for calibration (Büyükkileci 2007) . Lactose consumption (g lactose/L.h.mg dry cell) and ethanol production rates (g ethanol/L.h.mg dry cell) were calculated.
Enzyme Assays β-Galactosidase activity was determined according to protocol by Platt et al. (1972) . One unit of enzyme (EU) is defined as 1 μg of orthonitrophenol (ONP) from ortnonitrophenyl-β-D-galactopyranoside (ONPG) released at 30°C per minute per one mg of yeast (dry basis) under the assay conditions. Kluyveromyces lactis cells were disrupted according to protocol by Mazı (2010) . Celldebris is removed by centrifugation at 10000xg for 10 min and the cell-free/protein rich extract recovered in the supernatant was used for the enzyme assays. A β-galactosidase containing solution was appropriately diluted for quantification by UV-Vis absorbance, and 0.1 ml of this solution was added into 0.9 ml of Z-buffer (0.1 M sodium phosphate buffer, 10 mM KCl, and 1 mM MgSO4, pH 7.0), with 50 mM β-mercaptoethanol. In order to start the reaction 0.2 ml of a 4 mg/ml ONPG solution in Z-buffer was then added to 1 ml of this enzyme mixture. The reaction was allowed to proceed for 15 min at 30°C. The reaction was then stopped by addition of 0.5 ml 1M Na2CO into the reaction medium. The absorbance was measured at 420 nm against an appropriate enzyme blank. The molar extinction coefficient (ε) of orthonitrophenol under these conditions was 4500 M -1 cm -1 .
Dough Preparation and Leavening Ability
Leavening ability of the yeasts was determined by the cylinder method (Okagbue, 1988) . For both cultures, lean and rich dough mixtures containing 0.3 g of yeast biomass (on dry weight basis) and wheat flour in 15 ml of water for every 20 g of wheat flour was prepared. Rich doughs contained also either 2 g of sucrose, 2 g of lactose or 2.5 g of whey powder. Dough mixture was poured into a 100 ml measuring cylinder and initial volume was read. Dough mixture was incubated at 29°C and volume increase was recorded every 15 min. Maximum leavening rate (ml/h) of yeasts, defined as the highest positive slope of the leavening profile of dough within 210 min, was calculated for each dough. All experiments were carried out in triplicate, and error bars are reported to indicate the value of the standard error.
Statistical Analysis
All drying experiments were conducted in triplicate. The data were assessed by analysis of variance (ANOVA). Differences among individual means were compared by using Tukey Comparison test (P<0.05) (MINITAB, Version 14).
Results and Discussion
The aim of this study was to evaluate the dough proofing activity of Kluyveromyces lactis and to compare it with commercial active dry bakery yeast Saccharomyces cerevisiae. Specific β-galactosidase activity, lactose consumption and ethanol production rates during K. lactis biomass production were shown in Figure  1 . K. lactis biomass was harvested after 12 hours of fermentation where maximum specific activity of β-galactosidase was measured.
Both yeasts were tested under the same conditions for comparison purposes. Data obtained for leavening activity in lean dough (a) and rich doughs (b, c and d for sucrose, lactose and whey, respectively) were displayed in Figure  2 . Statistical analyses showed that the yeast type, dough formulation and the interaction of yeast type and dough formulation were all important factors affecting the maximum leavening rate and the maximum volume of dough (Table 1) .
For the yeast S. cerevisiae, the leavening rate of sucrose containing dough was significantly higher as compared to the lactose and whey containing ones. Oda and Ouchi (1990) stated that fermentation of lean dough by S. cerevisiae started with pre-existed sugars in the wheat flour (glucose, fructose and sucrose) and continued with maltose. The performance of S. cerevisiae in lean, lactose-rich, and whey-rich doughs was pretty much same for the reason that it cannot metabolize lactose. On the other hand, the highest leavening ability of K. lactis was observed in lactose and whey containing doughs. It can be seen in Figure 2 (a) and (b) that the performances of the two strains were better in sucrose-rich dough than in lean dough. As the predictable result, both yeast strains were able to metabolize sucrose efficiently. The fermentation of sucrose-reach dough by K.lactis was slower than by S. cerevisiae. In other words the sucrose degradation by S. cerevisiae was faster. Maximum volume of S.cerevisiae and K.lactis added doughs were 108.3 and 82.7ml for lean doughs, 128.7 and 113.3ml for sucrose containing doughs, 114.0 and 142.3ml for lactose containing doughs, 118.3 and 121.0ml for whey containing doughs, respectively (Table 2) . Figure 1 Specific enzyme activity of β-galactosidase (•) and lactose consumption (■), ethanol production rate (▲) of the K. lactis during growth When considering all results, K. lactis provided the highest maximum volume in rich dough with lactose. Maximum leavening ability of S. cerevisiae was 4.5 and 1.4-fold greater than K. lactis in lean dough and rich dough with sucrose, respectively while maximum leavening ability of K. lactis was 2 and 1.4-fold greater than S. cerevisiae in rich dough with lactose and whey, respectively. K.lactis has been reported to have lactase activity which may explain its high performance in rich dough with lactose or whey. This performance can be seen in Table 2 and Figure 1 Table 2) .
The lowest dough volume and the lowest maximum leavening rate were obtained from lean dough which fermented by K. lactis. The results showed that K. lactis reached higher leavening rate and volume than bakery yeast in the presence of lactose and whey. When whey was added to the dough instead of lactose, similar maximum leavening rate was obtained, however the maximum volume was lower (Table 2 ). In present study, addition of the 2.5g of whey to rich dough provided 0.7% increase in protein concentration and the presence of whey protein caused a decrease in maximum volume. Similar observation was previously reported by Zhou et al., (2018) . They stated that limited addition (up to 10%) of whey protein to wheat flour caused a decrease in bread volume. Each protein has its own functional properties (swelling and emulsifying) that specify the structure forming ability of them. It is well known that gluten, the protein component of wheat flour, makes the dough cohesive and extensible, easily sheeted and shaped, in addition to capable of retaining the gases produced during fermentation and proofing. The incorporation of foreign proteins interfered with gluten development and therefore, had negative effect on dough volume.
Conclusions
Both the yeast type and dough formulation were determined as effective factors on the maximum leavening rate and maximum volume parameters. When we compared commercial bakery strain S. cerevisiae to K. lactis, leaving ability and maximum volume were determined higher in lean and sucrose-rich dough. On the other hand, K. lactis showed better performance in lactose-rich dough and whey-rich dough compared to S. cerevisiae. Similar maximum leavening rates were obtained from dough which contains whey or lactose and fermented by K. lactis and also, from dough containing sucrose and fermented by S. cerevisiae. Therefore, these results demonstrate that Kluyveromyces lactis can be a useful bakery yeast for lactose or whey fortified bread making.
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